We evaluated the current density spatial distribution of transcutaneous spinal direct current stimulation on the spinal cord. We used computation method applied to realistic human model of different age and sex. We showed that the current density tends to be primarily directed longitudinally along the spinal cord with the region of higher amplitude influenced by the reference electrode position.
i g h l i g h t s
We evaluated the current density spatial distribution of transcutaneous spinal direct current stimulation on the spinal cord. We used computation method applied to realistic human model of different age and sex.
We showed that the current density tends to be primarily directed longitudinally along the spinal cord with the region of higher amplitude influenced by the reference electrode position.
a b s t r a c t
Objective: Non-invasive transcutaneous spinal direct current stimulation (tsDCS) induces changes in spinal cord function in humans. Nonetheless, the current density (J) spatial distributions generated by tsDCS are unknown. This work aimed to estimate the J distributions in the spinal cord during tsDCS. Methods: Computational electromagnetics techniques were applied to realistic human models, based on high-resolution MRI of healthy volunteers (a 26-years-old female adult model ''Ella''; a 14 years-old male adolescent model ''Louis''; an 11 years old female adolescent model ''Billie''). Three electrode montages were modeled. In all cases, the anode was always over the spinal process of the tenth thoracic vertebra and the cathode was placed: (A) above the right arm; (B) over the umbilicus; (C) over Cz. The injected current was 3 mA. The electrodes were conductors within rectangular sponges.
Results: Despite inter-individual differences, the J tends to be primarily directed longitudinally along the spinal cord and cauda equina with the region of higher amplitude influenced by the reference electrode position; on transversal sections, the J amplitude distributions were quite uniform. Conclusions: Our modeling approach reveals that the J generated by tsDCS reaches the spinal cord, with a current spread also to the muscle on the back and the spinal nerve.
Significance: This study is a first step in better understanding the mechanisms underlying tsDCS. Ó 2014 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The first evidence that the application of direct current stimulation over the spinal cord (transcutaneous spinal DC stimulation, tsDCS) can modulate conduction along the spinal somatosensory pathways in humans was provided by the first study of 
